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ABSTRACT 

Previous  s t u d i e s  of upflowing i o n s  indicate t h a t  i o n  beams acqu i re  

t he i r  energy by a process  which results i n  t h e  heavier ions gaining 

a d d i t i o n a l  t r a n s v e r s e  energy. Addit ional  data from S3-3 is presented  

which sugges t  tha t  ion beams are t h e  r e s u l t  of a two s t e p  a c c e l e r a t i o n  

p rocess  i n  which i o n  con ic s  formed a t  l o w e r  a l t i t u d e s  are then  

accelerated through a p o t e n t i a l  drop. In r eg ions  below such upward 

directed p o t e n t i a l  d rops ,  and presumably upward c u r r e n t s ,  t he  o r i g i n a l  

i o n  con ic s  are generated by a mechanism which provides  more energy t o  

heavier i o n s  while ou t s ide  these reg ions  i o n  con ic s  are genera ted  by a 

mass independent mechanism. 
- _  . 

INTRODUCTION 

The Lockheed i o n  mass spectrometer  on t h e  S3-3 sa te l l i t e  has provided 

numerous obse rva t ions  of upward flowing te r res t r ia l  i o n s  in t he  energy 

range  0 .5  - 16 BeV. These have been observed i n  the a l t i t u d e  range of 

2000 k m  t o  8000 k m  over t h e  a u r o r a l  r eg ions .  H' and 0 

common s p e c i e s  wi th  Ket occurr ing  occas iona l ly  [ G h i e l m e t t i  e t  a l .  , 

19781. Ions have been observed which have undergone a c c e l e r a t i o n  

p r i m a r i l y  t r a n s v e r s e  t o  the geomagnetic f i e l d  d i r e c t i o n  ( i o n  con ic s )  

[Sharp e t  a l . ,  19771 and p r i m a r i l y  paral le l  t o  t h e  f i e l d  d i r e c t i o n  

(ion beams) [ S h e l l e y  e t  a l . .  19761. 

+ are the most 

The i o n  c o n i c s  i n d i c a t e  t he  dominance of a t r a n s v e r s e  a c c e l e r a t i o n  

p rocess .  They t y p i c z l l y  have f a l l i n g  energy s p e c t r a  [Ungstrup e t  a l . ,  

19791 and  are most commonly seen  a t  e n e r g i e s  below 500eV. t h e  

t h r e s h o l d  of t h e  i o n  mass spectrometer [Gorney e t  a l . ,  19811. They 

are f r e q u e n t l y  observed by S3-3 a t  a l t i t u d e s  between 2000 and 8000km. 

In c o n t r a s t  t h e  i o n  beams r a r e l y  occur below 5000km and t y p i c a l l y  have 
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d i s t r i b u t i o n  f u n c t i o n s  which are f i e l d  a l i g n e d  and are peaked a t  

e n e r g i e s  of a few keV [She l l ey  e t  a l . ,  19761. Associated w i t h  t h e  i o n  

beams are s i g n a t u r e s  in t h e  electron d i s t r i b u t i o n  f u n c t i o n s  which 

i n d i c a t e  t h e  e x i s t e n c e  Of p o t e n t i a l  d rops  below, and sometimes above, 

t he  s a t e l l i t e .  

1 

These obse rva t ions  suggest  t h a t  i o n  beams acquire their  energy by 

f a l l i n g  through the p o t e n t i a l  d rop .  However, such an exp lana t ion  i s  

t o o  s imple .  The O+ beams g e n e r a l l y  have more energy than  the Hf beams 

and are less  c l o s e l y  f ie ld  a l igned  than  the  H' [ C o l l i n  et  a l . ,  19811. 

T h i s  s u g g e s t s  that-beams have not  only been accelerated p a r a l l e l  t o  

t he  f ie ld  d i r e c t i o n .  bu t  have also been accelerated t r a n s v e r s e l y ,  and 

t h a t  t he  t r a n s v e r s e  a c c e l e r a t i o n  process  w a s  mass dependent. 

u. 

One exp lana t ion  of the beams' t r a n s v e r s e  component of energy i s  tha t  

c o n i c s  f r o m  lower a l t i t u d e s  were accelerated through a p o t e n t i a l  drop 

t o  form the  beams [Chiu et a l . ,  19831 and t h a t  t he  o r i g i n a l  con ic s  had 

been produced by an a c c e l e r a t i o n  process  which accelerated heavy i o n s  

more s t r o n g l y .  

OBSERVATIONS AND INTERPRETATION 

The magnitudes of t he  p o t e n t i a l  drops below the sa te l l i t e  can be 

cetermined by measurements of the  widening of t h e  e l e c t r o n s '  

loss-cones as has been done by Mizera and Fennel1 119773 and o t h e r s .  

When the  e n e r g i e s  of t h e  ion  beams and t h e  corresponding p o t e n t i a l  

tirops a r e  compared they  show good s t a t i s t i c a l  c o r r e l a t i o n  (F igu re  1). 

Eowever, t he  energy of the Hf t ends  t o  be s l i g h t l y  less t h a n  tha t  
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corresponding t o  t h e  p o t e n t i a l  d rop ,  whereas t h e  energy of t h e  O*tends 

, t o  be higher .  T h i s  i s  Cons i s t en t  with t h e  heav ie r  Ofhaving acqui red  

a d d i t i o n a l  energy .  

The e n e r g i e s  of most of t he  i o n  conics  observed by S3-3 were t o o  low 

t o  permi t  the d i s t r i b u t i o n  f u n c t i o n s  of their  c o n s t i t u e n t  ion s p e c i e s  

t o  be characterized by the  i o n  mass spec t rometer .  However, a f e w  

multi-component con ic s  were e n e r g e t i c  enough t o  be examined i n  de ta i l  

[ C o l l i n  and Johnson, 19851. One of  these e v e n t s  was observed a t  an 

a l t i t u d e  of 3780km over t h e  evening sector a u r o r a l  zone, F igure  2 and 

F igures  3a and 3d. It was composed of H' and He+ and showed marked 

mass dependent energy d i f f e r e n c e s .  

detectable above 1 . 5  keV, t he  He' was much harder w i t h  s u b s t a n t i a l  

f l u x e s  throughout  the  range  of t h e  spec t rometer ,  0 .5  - 16 BeV. During 

While the  Hf was ve ry  s o f t  and no t  

the f o u r  s p i n s  i n  which t h e  i o n  conics  were observed the  

z s s o c i a t e d  e l e c t r o n  d i s t r i b u t i o n s  i n  the  highest  energy spec t rometer ,  

7.3 - 24 keV, show minima a t  p i t c h  angles  of 90 deg. T h i s  i n d i c a t e s  

tha t  these e l e c t r o n s  have been accelerated through a p o t e n t i a l  d rop ,  

2. no t  far  above the  satell i te [Kaufmann et  a l .  19761. The 90 deg 

minima can a l s o  be seen i n  t he  1.6 - 5.0  keV spec t rometer ,  bu t  are 

much less pronounced. T h i s  i m p l i e s  that  most of t h e  e l e c t r o n s  i n  t h i s  

ezergy  range are approximately i s o t r o p i c .  probably secondar i e s  t rapped  

below the  p o t e n t i a l  d rop ,  and t h a t  only t h o s e  near  the upper end of 

t h e  range have been accelerated down thorough the  p o t e n t i a l  d rop .  

S i n c e  only the  accelerated e l e c t r o n s  w i l l  exhibit  t h e  90 deg minima 

e3 i s  probably close t o  the  upper energy l i m i t ,  5 .  O k e V .  

I n  order t o  determine what 53-3 would have s e e n  above the  p o t e n t i a l  

drop t h e  observed con ic  d i s t r i b u t i o n s  were mapped through 5 k V  and 
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through a change i n  3 corresponding t o  moving from 3780km t o  8000 k m  

i n  a p rocess  analogous t o  t ha t  used by Klumpar e t  a l .  119841. No 

a t tempt  was made t o  s imula te  t h e  p o s s i b l e  effects of any d i f f u s i v e  

p rocess .  The  r e s u l t i n g  d i s t r i b u t i o n s ,  F igu res  3b and 3e, were more 

e n e r g e t i c  and t h e  p i t c h  a n g l e  widths  of t h e  con ic s  were much reduced 

and are somewhat energy dependent,  similar t o  t h e  d i s t r i b u t i o n s  

described by Klumpar e t  a l .  [19841 and Ghie lmet t i  et  a l .  [19861. The 

i o n  mass s p e c t r o m e t e r ' s  p i t c h  a n g l e  r e s o l u t i o n  i s  about 15 deg and 

cannot r e s o l v e  the details  of such  narrow d i s t r i b u t i o n s .  When the  

accelerated c o n i c  d i s t r i b u t i o n s  were sampled a t  the r e s o l u t i o n  of the 

i o n  mass spec t rometer  t h e  d i s t r i b u t i o n s  appeared more beam-like, 

F igu res  3c and 3f.  On the basis of these d i s t r i b u t i o n s ,  the  mean 

energy of HeC i s  10.5keV and of the Hf 6.8keV, Eh/EH-l.5. The 

p i tch-angle  width of the  He+, 22 deg i s  somewhat greater than  that  of 

t h e  H', 18 deg.  These r e l a t i o n s  are comparable t o  the s ta t i s t ica l  

r e l a t i o n s h i p s  of t h e  observed ion beams, C o l l i n  et  a l .  [19811 found 

E,/E,, -1.7 and mean p i t c h  angle  widths of Hi of 15 deg and of 0' 22 deg. 

T h i s  correspondence l e n d s  support  t o  the  two stage a c c e l e r a t i o n  model. 

Five o the r  c o n i c s  permi t ted  detai led examination by the  i o n  mass 

s2ec t rometer .  These were a l l  composed of H+ and O*. I n  no case was 

there evidence of s i g n i f i c a n t  d i f f e r e n c e  between the  e n e r g i e s  of t he  

components. I f  accelerated through a p o t e n t i a l  d rop ,  these con ics  

would hzve r e s u l t e d  i n  beams whose components had the  same energy and 

p i t c h  a n g l e .  However, i n  none of t h e s e  cases d id  the e l e c t r o n s  show 

evidence o f  p o t e n t i a l  d rops  above t h e  s a t e l l i t e  a t  t h e  t i m e  the con ic s  

were observed,  a l though i n  some cases there was evidence of p o t e n t i a l  

d rops  i n  a d j a c e n t  r eg ions .  



None of t h e  o t h e r  con ic s  observed by t h e  i o n  mass spectrometer  were 

s u i t a b l e  f o r  detailed s tudy ,  bu t  34 cases were found where the 

e n e r g i e s  and i n t e n s i t i e s  were s u f f i c i e n t  t o  g ive  a rough i n d i c a t i o n  of 

the r e l a t i v e  hardness  Of t he  energy s p e c t r a  of  t h e  i o n  s p e c i e s  

comprising the  con ic s .  In 10 of t h e s e  cases (29%) t h e  e l e c t r o n s  

i n d i c a t e d  a p o t e n t i a l  drop above t h e  sa te l l i t e .  T h i s  shows t h a t  

a l though only  a s i n g l e  event  could be s t u d i e d  i n  de ta i l ,  t h e  

z s s o c i a t i o n  of con ic s  and p o t e n t i a l  d rops  i s  not  rare. In 9 of these 

cases the higher  mass i o n  was t h e  more e n e r g e t i c .  In t he  remaining 

cases, i n  which there was no evidence of a p o t e n t i a l  d rop ,  there was 

only  1 case in which t h e  higher mass i o n  was more energetic. 

The a v a i l a b l e  data are perhaps t o o  l imi ted  t o  draw f i r m  conc lus ions ,  

but t h e y  do suggest  that  i n  r eg ions  below upward directed p o t e n t i a l  

c r o p s  i o n  con ic s  are genera ted  by mechanisms which provide more 

energy t o  heav ie r  i o n s  and t h a t  ou t s ide  these r eg ions  the c o n i c s  ere 

generated by a mechanism which i s  independent of mass. 

p o s s i b i l i t y  that  more t h a n  one mechanism may be r e s p o n s i b l e  for t h e  

product ion  of i o n  con ic s  has been d iscussed  p rev ious ly  by Cat te l l  

119843 who po in ted  out t h a t  s e v e r a l  of t h e  suggested mechanisms have 

s g a t i a l  d i s t r i b u t i o n s  which are d i f f e r e n t  from t h o s e  of c o n i c s  and s o  

could not account f o r  a l l  con ic s .  

The 

CONCLUSIONS 

Previous s t a t i s t i ca l  r e s u l t s  from 53-3 i n d i c a t e d  t h a t  t h e  energy of 

i o n  beams is  the  r e s u l t  of a process .  or processes ,  which not  only 

g i v e s  t h e  i o n s  p a r a l l e l  energy,  but  which r e s u l t s  i n  t h e  h e a v i e r  i o n s  

ga in ing  a larger p ropor t ion  of  t r a n s v e r s e  energy.  T h e  p r e s e n t  s tudy  
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provides  some l i m i t e d  e v i e n c e  which  sugges t s  tha t  the  i o n  beams are 

produced by a two s t e p  a c c e l e r a t i o n  process  i n  which i o n  c o n i c s  are 

f i rs t  formed a t  lower a l t i t u d e s  and are afterwards accelerated upward 

through a p o t e n t i a l  drop.  I n  the  r e g i o n s  below such p o t e n t i a l  d rops ,  

and presumably upward c u r r e n t s ,  the  o r i g i n a l  i o n  con ic s  are genera ted  

by a mechanism which provides  more energy t o  heav ie r  i o n s  while 

o u t s i d e  these reg ions  i o n  con ic s  may be genera ted  by a mass 

independent mechanism. 

a 
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Figure  Capt ions  

1. 

e l e c t r o n  loss -cone  measurements and t h e  corresponding ion mean 

e n e r g i e s ,  E,. 

The p o t e n t i a l  drop,  @, below t h e  s a t e l l i t e  as determined from 

The dashed l i n e s  i n d i c a t e  Ex = e$. 

2. Survey p l o t  of data from the i o n  mass spec t rometers  and e l e c t r o n  

spec t romete r s .  The abscissa i n d i c a t e s  t he  u n i v e r s a l  time, a l t i t u d e ,  

i n v a r i a n t  l a t i t u d e  and magnetic l o c a l  t i m e  a t  which the data  were 

ecqui red .  Panel  1 shows the  mass spec t rometers '  sequence of energy 

s t e p s .  Panels  2-5 show the counts  of i o n s  summed once p e r  second from 

selected channels  from a l l  three i o n  mass spec t rometers .  
- .  

Panel  6 

i n d i c a t e s  the pi tch ang le  of the look d i r e c t i o n  of a l l  the 

spec t romete r s  and panels 7-10 d i s p l a y  the  counts  p e r  0 .5  s f o r  the  

e l e c t r o n  spec t rometers .  The broken l i n e s  i n d i c a t e  t h e  s a t e l l i t e  s p i n s  

du r ing  which Hf and Hef con ics  were -seen .  

3. Contour p l o t s  of the common logari thm of the v e l o c i t y  space  

d e n s i t y  of €It and Hef . 
p o i n t s .  Pane ls  a and d correspond t o  t he  observed c o n i c s  which are 

d i sp layed  i n  F igure  2 .  P a n e l s  b and e show these d i s t r i b u t i o n s  af ter  

pass ing  through a p o t e n t i a l  d rop  and i n t o  a reg ion  of reduced 3. 
Panels  c and f show how these modified d i s t r i b u t i o n s  would appear  when 

viewed wi th  15 deg p i t c h  a n g l e  r e s o l u t i o n .  

The d o t s  i n d i c a t e  t h e  l o c a t i o n s  of t h e  data 
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